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Key Message 
 
 Sunflower extrafloral nectar is utilized by many beneficial insects and is a potential route of exposure to systemic insecticides 
applied as seed treatments 
 Both chlorantraniliprole and thiamethoxam adversely impacted Chrysoperla carnea adults when they fed on extrafloral 
nectar of seedlings grown from treated seed 
 Both insecticides reduced adult survival and fecundity, especially thiamethoxam, and offspring of chlorantraniliprole-exposed 
adults had lower survival than those of controls  
 
Abstract 
The use of systemic insecticides as seed treatments has raised concern about the possible impacts of these products on natural 
enemies.  This study assessed the effects of sunflower seed treatments with chlorantraniliprole and thiamethoxam on Chrysoperla 
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carnea by exposing larvae and adults to sunflower stem segments grown from treated seeds and the nectar secreted by their 
extrafloral nectaries. Confinement of larvae with stem segments for their entire developmental period had no effect on their survival 
or any life history parameter, except that the sex ratio of resulting adults was lower in the thiamethoxam treatment than in 
chlorantraniliprole.  However, when adult pairs of C. carnea were exposed to treated stem segments during their maturation period, 
their subsequent survival and fecundity was significantly reduced by both materials, with thiamethoxam reducing median survival 
(LT50) and fecundity to a greater degree than chlorantraniliprole.  Insufficient offspring were obtained from adults exposed to 
thiamethoxam to permit assessment of their fitness, but the offspring in the chlorantraniliprole-exposed adults had reduced larval 
survival relative to controls. The greater impact of seed treatments on adult lacewings may be partly attributable to their greater 
consumption of extra-floral nectar. Our results indicate that seed treatment with systemic insecticides can cause negative effects on 
beneficial insects, potentially disrupting their population dynamics, and should not be assumed compatible with biological control 
and IPM simply because this mode of application limits direct exposure.   
 
Keywords Extrafloral nectar, systemic insecticides, IPM, green lacewings, environmental risk assessment 
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The potential for non-target effects of systemic insecticides when used as seed treatments has recently become a topic of interest 
and controversy (Sanchez-Bayo et al. 2013).  Seed treatments are now widely employed as a prophylactic control measure to 
protect crops against seed and seedling pests (Bradshaw et al. 2008; Strausbaugh et al. 2010).  Their use has, to some extent, 
reduced the need for broadcast applications of insecticides to ensure stand establishment, thus lowering pesticide exposure for 
non-target organisms (Hull and Beers 1985; Albajes et al. 2003; Cloyd and Bethke 2011).  However, research has shown that seed 
treatments may also pose a risk to beneficial organisms via less obvious routes of exposure, causing both lethal and sublethal 
effects (Li et al. 2012).  Sublethal effects, in particular, are easily overlooked and yet may have considerable impact on natural 
enemy population dynamics and the level of ecosystem services contributed by these insects (Desneux et al. 2007; He et al. 2012; 
Biondi et al 2012a; Biondi et al. 2013; Planes et al. 2013) 
Systemic insecticides are characterized by low lipophilicity, typically exhibiting an octanol-water partition coefficient (log Poct) 
below 40 (Cloyd and Bethke 2011) which facilitates their translocation in plant tissues.  Residues of such insecticides can be 
translocated to various plant parts (Dively and Kamel 2012; Goulson 2013). For example, residues of imidacloprid have been found 
at 13 ppb in sunflower pollen following its application as a seed treatment (Laurent and Rathahao 2003).  Chlorantraniliprole and 
thiamethoxam represent two systemic insecticides used in seed treatments, belonging to two different groups, diamides and 
neonicotinoids, respectively. Chlorantraniliprole acts as a ryanodine receptor modulator to block insect muscle contraction (Lahm et 
al. 2007).  In contrast, thiamethoxam is a neonicotinoid insecticide that targets nicotinic acetylcholine receptors in the central 
nervous system of insects, causing overstimulation at low concentrations, and receptor blockage, paralysis and death at higher 
concentrations (Tomizawa and Casida 2005).  Furthermore, thiamethoxam breaks down into clothianidin, a highly active open-
chain neonicotinoid with somewhat different properties (Ohkawara et al. 2002; Schwarz et al. 2002) which may contribute to its 
activity in both plants and insects (Benzidane et al. 2010).  Both classes of materials pose potential hazards to non-target 
organisms because of their ability to contaminate pollen, floral and extrafloral nectar (Lahm et al. 2009). 
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Pollen and nectar, both floral and extrafloral, are important resources for many natural enemies of insect pests (Wackers et 
al. 2007; Lundgren 2009; Choate and Lundgren 2013), and thus constitute potential routes of exposure to systemic insecticides for 
natural enemies and pollinators (Cloyd and Bethke 2011; Stoner and Eitzer 2012; Easton and Goulson 2013).  However, floral 
nectar and pollen are only produced by mature plants in reproductive stages, whereas extrafloral nectar may be produced in much 
earlier stages of plant development when systemic materials applied as seed treatments are present in plant tissues at much higher 
concentrations.  In sunflower, nectaries occur first on the main stem above the cotyledons, and henceforth on all stems and leaf 
petioles, so they are present from the time the first pair of true leves expands, about two weeks after germination (JPM, personal 
observation).  The vast majority of commercial sunflower seed in the USA is now sold with a factory-applied seed treatment. 
Among many beneficial predators in agriculture, green lacewings, Chrysoperla spp. (Neuroptera: Chrysopidae), stand out as 
cosmopolitan species that are easily reared in the laboratory, widely commercialized in augmentation biological control programs, 
and highly valued for conservation in IPM systems for field crops (Albuquerque et al. 1994; Pappas et al. 2011).  Lacewings are 
polyphagous predators that contribute to natural control of many pests of economic importance in agriculture (New 1975; Principi 
and Canard 1984; Stelzla and Devetak 1999).  The larvae of Chrysoperla carnea (Stephens) feed on a wide range of small, soft-
bodied arthropods with a preference for aphids (Principi and Canard 1984).  Non-prey foods such as honeydew, floral and 
extrafloral nectar, and pollen can be important resources for chrysopids in both larval (Downes 1974) and adult (Venzon et al. 
2006) stages.  Limburg and Rosenheim (2001) showed that extrafloral nectar was an important food source for neonate lacewing 
larvae on cotton and that its consumption increased as the availability of aphid prey declined.  Patt et al. (2003) showed that larvae 
of C. carnea used the carbon present in sugar to supplement their diet and enhance their growth and development.  Adults of C. 
carnea are not predaceous, feeding only on extrafloral and floral nectar, pollen, and honeydew (Principi and Canard 1984; Hagen 
1986) and provision of a nectar source is known to increase fecundity and extend adult longevity in this species (Gurr et al. 2004).  
In the central plains of the USA, C. carnea adults are among a wide range of beneficial insects that colonize sunflowers during dry 
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summer months (Royer and Walgenbach 1991) and can often be observed exploiting the abundant extrafloral nectar that these 
plants produce (JPM, personal observation). 
Given the potential for contamination of sunflower extrafloral nectar with chlorantraniliprole and thiamethoxam when applied 
as seed treatments, the objective of the present study was to assess whether either material would affect key life history 
parameters of C. carnea when both larvae and adults were exposed to sunflower seedlings grown from treated seed. 
 
Materials and methods 
 
Insects  
 
Adults of C. carnea were collected from a sorghum field at the Agricultural Research Center-Hays in Hays, Kansas, USA 
(38°51'3114"N 99°20'1086"W).  The lacewings were placed in a plastic container (14.0 cm diam x 19.0 cm ht) covered with an 
organdy mesh screen held in place with a rubber band.  The stock colony and all bioassays were held in a climate-controlled 
growth chamber set to 24.0 ± 1.0 ºC, 42 ± 5% RH and a photoperiod of 16:8 (L:D).  Adults in the stock colony were provisoned 
every 48 h with an artificial diet composed of honey and brewer's yeast (1:1) smeared on two parafin wax strips and water on a 
piece of sponge, both refreshed every 48 h.  Eggs laid on the walls of the container were removed every 48 h by clipping their 
stalks with scissors.  These were then isolated in Petri dishes (50 cm diam) to prevent cannibalism by hatching neonates.  Larvae 
were provisioned every 48 h with ad libitum frozen eggs of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) obtained from a 
commercial supplier (Beneficial Insectary, Oak Run, CA, USA), and with water on a piece of sponge until larvae pupated.  
Emergent adults were transferred to a plastic container (as above) for mating and production of the next generation. 
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Sunflower plants 
 
Seeds of sunflower were planted 2.0 cm deep in metal trays (8.0 cm x 51.0 cm x 36.0 cm) filled with a mixture of soil, peat moss 
and perlite (1:1:1) and germinated in a greenhouse at 25.0 ± 2 ºC under natural light supplemented during daylight hours with metal 
halide lamps (L:D = 12:12).  Plants were watered daily, but minimally, to avoid excessive leaching of insecticide from treated seeds.  
Three treatments consisted of 1) seeds of Pioneer 63N82 factory-treated with chlorantraniliprole (Prevathon, 1800 mg ai 100 kg-1, 
DuPont Crop Protection, Wilmington, DE), 2) seeds of Triumph Nusun cv 810CL sunflower, factory-treated with thiamethoxam 
(Cruiser 5FS, 50 mg ai 100 kg-1, Syngenta Crop Protection, Greensboro, NC), and 3) the same Triumph cultivar without any 
insecticide (control).  Ideally, the same sunflower cultivar would have been employed with both seed treatments, but these are 
commercially applied by different companies on their own proprietary cultivars.  Both cultivars had similar agronomic characteristics 
(oilseed varieties of normal stature and similar maturity group).  Sunflower stalks were harvested beginning at the V2 stage (two 
true leaves expanded) and every two days thereafter for each period of insect exposure.  The V2 stage corresponded to plants 14-
15 days post-emergence in the greenhouse.  The extrafloral nectaries of sunflower are very small and distributed widely over the 
surface of stems, leaf petioles, and even primary leaf veins. Before provisioning to insects, the ends of excised stem segments (ca 
4.0 cm long) were dipped in liquid paraffin to seal vascular tissues and maintain turgor, while at the same time preventing the 
exudation of resinous materials that might pose a hazard to the insects.  
 
Exposure of larvae 
 
In each treatment, first instar larvae of C. carnea (neonates within 1-2 h of eclosion) were isolated in Petri dishes (5.0 cm diam) 
each with a sunflower stem segment (prepared as described above) that was replaced every 48 h until larvae pupated.  A total of 
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40 larvae were placed in each treatment, grouped in eight replicates of five for purposes of assessing mortality.  Frozen eggs of E. 
kuehniella were provided ad libitum and refreshed every 48 h.  Emergent adults were sexed and the maximum number of pairs 
established in each treatment (control = 16, chlorantraniliprole = 11, thiamethoxam = 12).  Adult pairs were isolated in plastic 
cylinders (5.0 cm diam x 10.0 cm ht), each sealed with a ventilated plastic lid.  Artificial diet (as above) and water on a sponge were 
provisioned and refreshed every 48 h.  Developmental time, larval and pupal survival (black pupae and pharate adults were tallied 
as dead), sex ratio (Σ♀ / Σ(♀ + ♂)), adult survival, preoviposition period (time from adult emergence to first oviposition), and female 
10-d fecundity (total eggs laid in ten days of oviposition) were all recorded by examining all replicates daily and harvesting all eggs 
laid.  Egg viability was assessed by harvesting 5 - 10 eggs per female, per treatment, on the fifth day of oviposition and isolating 
these in Petri dishes (5.0 cm) until eclosion. 
 
Exposure of adults 
 
Male and female C. carnea (ca 24 h old) were paired in plastic cylinders (5.0 cm diam x 10.0 cm ht) sealed with a ventilated plastic 
lid (n = 20 pairs per treatment) for the duration of the entire experiment.  Each container had a piece of parafilm with artificial diet 
and a sunflower stem segment (as above).  The insects were exposed to sunflower stems for a period of eight days, and all stems 
were replaced every 48 h.  After this period, pairs were provisioned with water on a sponge and artificial diet refreshed every 48 h.  
The eggs were counted and removed daily by clipping their pedicels with scissors.  To assess the egg viability and offspring fitness, 
the third and fifth clutches (oviposition days) of each female were collected and the eggs isolated in Petri dishes (5.0 cm diam).  
Adult survival, preoviposition period, fecundity and egg viability were all scored (as above).  After eclosion, 10 larvae from each 
female were reared  and monitored until they emerged as adults.  Development time, larval and pupal survival (black pupae and 
pharate adults were tallied as dead) and sex ratio (Σ♀ / Σ(♀ + ♂)) were all recorded. 
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Statistical analysis 
 
Developmental data from the larval bioassay and reproductive data from the adult bioassay were subjected to one-way ANOVA 
followed by a Bonferroni test ( = 0.05) to separate means (PROC GLM; SAS Institute 2008).  Data obtained from the offspring of 
exposed adults were analyzed using an independent t-test ( = 0.05) (PROC TTEST, SAS Institute 2008).  Sex ratio was analyzed 
using the Chi-square Goodness of Fit test ( = 0.05) (PROC FREQ; SAS Institute 2008).  Adult survival data was submitted to 
survival analysis using the non-parametric procedure LIFETEST (SAS Institute 2008) which produces survival curves from Kaplan–
Meier estimators.  Data from pairs that survived beyond the tenth day of oviposition were censored.  Median survival times (LT50) 
were estimated for treatments in which adult mortality was higher than 50% and their respective 95% confidence intervals 
determined.  Fecundity and egg viability data violated ANOVA assumptions of normality and homoscedasticity (PROC 
UNIVARIATE; SAS Institute 2008) and were √𝑥 and arcsine √𝑥 transformed, respectively; untransformed means are presented in 
the tables. 
 
Results 
 
Larval exposure 
 
There were no significant differences among treatments in larval survival (F2,21 = 0.42; P = 0.662), duration of larval development 
(F2,21 = 2.15; P = 0.141), pupal survival (F2,21 = 0.53; P = 0.597) or duration of pupal development (F2,21 = 0.12; P = 0.884) (Table 1).  
The sex ratio (proportion female) was reduced by thiamethoxam relative to chlorantriniliprole (2 = 8.40; d.f. = 2; P = 0.015); 
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although neither treatment was significantly different from controls, the power of the test was likely limited by sample sizes.  The 
survival of the resulting adults was unaffected by any treatment (log-rank test, 2 = 2.39; df = 2; P = 0.303) (Fig 1A); neither was the 
preoviposition period (F2,35 = 0.50; P = 0.608), fecundity (F2,35 = 0.55; P = 0.582) or egg viability (F2,31 = 0.02; P = 0.983) (Table 1).  
No treatment caused mortality of adults higher than 50%, so LT50 values were not computed. 
 
Adult exposure 
 
Adults of C. carnea exposed to sunflower stems grown from treated seeds had significantly lower survival in both chlorantraniliprole 
and thiamethoxam treatments than in controls (log-rank test, 2 = 11.35; df = 2; P = 0.003) (Fig 1B) and median survival times 
(LT50) were lower in the thiamethoxam treatment than in the chlorantraniliprole treatment (Fig 2).  LT50 was not computed for control 
insects because mortality was < 50%.  Only 11, 10 and 7 females out of 20 oviposited in the control, chlorantraniliprole and 
thiamethoxam treatments, respectively, and the fecundity of these females was reduced by both insecticide treatments relative to 
controls (F2,25 = 7.05; P = 0.004; Table 2).  Too few eggs were obtained in the thiamethoxam treatment to monitor development of 
offspring.  The chorantraniliprole treatment significantly reduced the survival of offspring produced by exposed adults (t = 2.59; df = 
8; P = 0.031), but other development parameters of offspring remained unaffected; egg viability (t = 0.47; df = 10; P = 0.650), 
duration of larval development (t = -1.02; df = 8; P = 0.337), pupal survival (100%), pupal duration (t = 0.86; df = 8; P = 0.031) and 
sex ratio (2 = 0.39; df = 1; P = 0.533) (Table 2). 
 
Discussion 
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The present study confirms that diamides and neonicotinoids, when used as seed treatments, can adversely affect certain non-
target organisms that come into contact with seedling plants.  Both chlorantraniliprole and thiamethoxam caused lethal and 
sublethal effects to C. carnea adults exposed to sunflower stems grown from treated seeds.  However, thiamethoxam 
demonstrated higher toxicity than chlorantraniliprole and greater negative impacts on survival, fecundity and LT50.  The most likely 
explanation for these results is the contamination of extrafloral nectar with residues of the insecticides, since these insects lack 
chewing mouthparts and are unable to consume leaf or stem tissues, but were often directly observed consuming nectar.  Both 
adults and larvae of C. carnea are known to consume extrafloral nectar to supplement their diet (Limburg and Rosenheim 2001; 
Rogers et al. 2007).  The effects on reproductive parameters observed in the present work suggest that populations of C. carnea 
might be reduced in sunflower fields when seed is treated with chlorantraniliprole or thiamethoxam.  This is a significant agro-
ecological finding because sunflower extrafloral nectar is an important source of hydration and nutrition for a wide range of 
beneficial insects during the hot, dry summers on the Great Plains when little free moisture is available (Michaud and Qureshi 
2006).  For example, the presence of sunflowers has been shown to improve the area-wide survival of natural enemy species 
important in the biological control of key pests in neighboring crops such as wheat, i.e. Diuraphis noxia (Mordvilko) (Hemiptera: 
Aphididae) (Brewer et al. 2008). 
Although not quantified in these experiments, we observed that the water demand of adults appeared to be much greater 
than that of larvae.  This becomes visually evident if the water supply is not maintained.  Whereas larvae do not require a 
supplementary water source to develop successfully, adults quickly desiccate in the absence of moisture, their abdomens 
becoming visibly shrivelled.  This was evident to some degree in all treatments of adults after the exposure period, during which the 
sunflower stem segments were the only, and likely insufficient, source of hydration; adult hydration recovery, characterized by 
visible re-inflation of the abdomen, was clearly evident within 24 h of provision of free water.  We hypothesize that dehydration 
during the exposure period is the likely cause of greater female infertility, longer pre-oviposition periods and lower fecundities 
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following adult exposure compared to larval exposure (Table 1 vs Table 2).  Therefore, the high water demand of adults likely drove 
greater consumption of extrafloral nectar relative to larvae, which likely consume it primarily for its sugar content. 
Because extrafloral nectar lacks the protein needed for growth and development, its consumption by lacewing larvae tends 
to decrease with increasing availability of prey (Limburg and Rosenheim 2001).  Thus, the availability of ad libitum prey (eggs of E. 
kuehniella) during larval exposure in these experiments may have somewhat reduced the consumption of extrafloral nectar by 
larvae.  If so, our results may underestimate the potential impact on larvae of extrafloral nectar contaminated with these materials 
when prey is scarce.  Also, it could be argued that some effects observed in the thiamethoxam treatment may be attributable to the 
Pioneer 63N82 cultivar itself, since the controls were Triumph 810CL, but this is unlikely in our view.   
Cloyd and Bethke (2011) reviewed the various potential routes of exposure to neonicotinoid insecticides for beneficial 
insects in interior plantscapes, including floral nectar, and emphasized the importance of plant species and age as factors 
influencing concentrations.  Residues of neonicotinoids used in seed treatments have been detected in the nectar and pollen of 
rapeseed, corn and sunflower at concentrations from 20 to 39 ppb in pollen (Cutler and Scott-Dupree 2007; Krupke et al. 2012) and 
from 22 ppb to 30 ppb in nectar (Bonmatin et al. 2005; Cutler and Scott-Dupree 2007).  However, floral nectar and pollen are 
produced by mature plants in late stages of reproduction and, given the role of plant age in diluting the concentration of insecticide 
in plant tissues, concentrations are likely much greater in the extrafloral nectar of younger plants, such as those provided in this 
study. 
Seagraves and Lundgren (2012) found reduced numbers of adult natural enemies, e.g., Chrysoperla sp and Nabis 
americoferus Carayon (Hemiptera: Nabidae), in soybean fields grown from neonicotinoid-treated seed.  When applied as a soil 
drench, imidacloprid reduced the survival of adults of C. carnea (Rogers et al. 2007) and the parasitoid Anagyrus pseudococci 
(Girault) (Hymenoptera: Encyrtidae) that fed on flowers of Fagopyrum esculentum (Polygonaceae) (Krischik et al. 2007). 
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Effects of chlorantraniliprole on lacewings have been recorded in other studies Amarasekare and Shearer (2013) found that 
chlorantraniliprole was highly toxic to adults and larvae of C. carnea and C. johnsoni when the predator ingested contaminated diet 
or prey.  Topical application of chlorantraniliprole on larvae of C. externa did not cause negative effects (Zotti et al. 2013), as this 
material must be ingested to reach its active sites.  For example, Smagghe et al. (2013) found negative effects on reproduction 
when Bombus terrestris (L) (Hymenoptera: Apidae) fed on pollen contaminated with chlorantraniliprole.  However, 
chlorantraniliprole was considered safe for Macrolophus pygmaeus (Rambur) (Hemiptera: Miridae) when exposed to the insecticide 
via direct, residual and oral routes (Martinou et al. 2014).  Similarly, no significant contact toxicity of chlorantraniliprole, either in 
terms of lethal or sublethal effects, was recorded on the anthocorid predator Orius laevigatus (Fieber) (Biondi et al. 2012b).  Thus, 
the toxicity of chlorantraniliprole for beneficial insects may depend on both the species tested and the route of exposure. 
The high toxicity of thiamethoxam to C. carnea in the present study compared to chlorantraniliprole may be related to its high 
mobility in phloem elements and its non-acidic nature (Nauen et al. 1999; Buchholz and Nauen 2002).  Lanka et al. (2014) studied 
rice plants grown from treated seed and found concentrations of thiamethoxam four-fold greater in above-ground tissues than in the 
roots.  In contrast, chlorantraniliprole concentrations in rice roots were up to ten times higher than those in above-ground parts.  
This demonstrates the high mobility of thiamethoxam in plant tissues, which can result in contamination of pollen, floral and 
extrafloral nectar.  Furthermore, the conversion of thiamethoxam into highly toxic metabolites such as clothianidin (Casida 2011) 
may contribute to increased toxicity to insects, including natural enemies.  Nauen et al. (2003) demonstrated that clothianidin is one 
of the primary metabolites of thiamethoxam in true leaves of cotton plants treated via soil drench.  These authors inferred that 
clothianidin, not thiamethoxam, was responsible for toxicity of thiamethoxam-treated leaf disks to Spodoptera frugiperda (Smith) 
(Lepidoptera: Noctuidae) larvae.  However, its greater lipophilicity and lower solubility in water make clothianidin less likely than 
thiamethoxam to contaminate nectar. 
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In summary, both chlorantraniliprole and thiamethoxam caused negative effects on the survival and reproduction C. carnea 
adults and the survival of their progeny when the adults were exposed to seedlings grown from seeds treated with these 
insecticides.  In companion studies on the same pesticides identically applied as sunflower seed treatments, no direct mortality was 
observed on adults of the braconid wasp Lysiphlebus testaceipes (Cresson), although various sublethal effects on its behavior and 
biological performance were recorded (Moscardini et al. 2014). Moreover, both lethal and sublethal effects were caused by 
thiamethoxam and only sublethal effets by chlorantraniliprole on nymphs and adults of the anthocorid predator Orius insidiosus 
(Say) (Gontijo et al. 2014).  The treatment of seeds with systemic insecticides is convenient for farmers and profitable for seed 
companies.  However, seed treatment as an ‘insurance policy’ without identification of a target pest runs counter to the basic 
principles of IPM. 
The results of the present study and others cited above are converging toward a conclusion that systemic insecticides used 
as seed treatments can cause negative effects on beneficial organisms, potentially disrupting their population dynamics, and should 
not be assumed compatible with biological control and IPM simply because their mode of application limits direct exposure of non-
target insects and reduces overall environmental exposure to the material compared to broadcast applications.  More research is 
warranted to assess the toxicity of systemic insecticides applied as seed treatments in commercial sunflower seed and other crops.  
These studies should evaluate the concentration of insecticide in different developmental stages of the plant and in different plant 
parts, taking into account the distinct biology and behavior of different beneficial species in different life stages, both in the 
presence and absence of prey.  The use of systemic insecticides in the treatment of sunflower seeds may be justified in specific 
contexts, but further investigation is required to determine the long-term compatibility of this approach with IPM programs that rely 
on conservation biological control of significant pests. 
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Table 1. Mean (± SE) survival, developmental time and sex ratio (proportion female) of Chrysoperla carnea larvae when exposed 
to sunflower stems grown from treated seeds, and their subsequent reproductive parameters. 
Treatment 
Larval period1  Pupal period1 
Sex ratio2 
(n) 
Reproductive parameters1 (n) 
Survival* (%) Duration (d)  Survival** (%) Duration (d) 
Preoviposition 
period (d) 
10-d fecundity 
(eggs female-1) 
Egg viability 
(% eclosing) 
Control 97.5 ± 2.50 8.9 ± 0.13  85.0 ± 5.00 9.1 ± 0.03 0.46 ab (33) 6.7 ± 0.51 (16) 105.4 ± 10.62 93.1 ± 3.22 
Chlorantraniliprole 95.0 ± 3.27 9.1 ± 0.14  85.0 ± 7.32 9.0 ± 0.03 0.65 a (32) 6.1 ± 0.29 (11)   107.5 ± 8.41 92.7 ± 5.06 
Thiamethoxam 92.5 ± 5.26 8.7 ± 0.10  92.5 ± 5.26 9.0 ± 0.05 0.36 b (33) 6.3 ± 0.38 (12)     93.3 ± 8.38 92.2 ± 6.62 
Analysis by one-way ANOVA (1) or Chi-square (2). 
Means followed by different letters were significantly different within columns (Chi-square,  = 0.05). 
*Percentage of neonate larvae (n = 40 / treatment) yielding pupae. 
**Percentage of pupae yielding viable adults.
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Table 2. Mean (± SE) reproductive parameters of Chrysoperla carnea adult pairs exposed to sunflower stems grown from 
treated seed and the developmental parameters of their offspring. 
Treatment 
Reproductive parameters1,2  Larval period2  Pupal period2 
Sex 
ratio3 
(n)  Preoviposition 
period (d) 
10-d fecundity 
(eggs female-1) 
Egg viability  
(% eclosing) 
 
Survival* (%) Duration (d)  
Survival** 
(%) 
Duration (d) 
Control 13.9 ± 0.75 73.3 ± 11.77 a 83.8 ± 12.23  97.1 ± 1.84 a 9.3 ± 0.15  100 9.2 ± 0.09 0.61 (66) 
Chlorantraniliprole 15.5 ± 1.03 46.2 ± 14.76 b 72.5 ± 24.28  73.3 ± 10.53 b 9.7 ± 0.44  100 9.1 ± 0.04 0.54 (22) 
Thiamethoxam 16.4 ± 1.48 15.1 ± 9.41 c -  - -  - - - 
Analysis by one-way ANOVA (1); t-test (2) or Chi-square (3). 
Means followed by different letters were significantly different within columns (Bonferroni or t-test,  = 0.05). 
Fecundity in the thiamethoxam treatment was too low to permit analysis of offspring development - dashes indicate no data. 
*Percentage of neonate larvae producing pupae. 
**Percentage of pupae producing viable adults.
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Fig. 1. Survival plots for adult Chrysoperla carnea exposed as larvae (A) and adults 
(B) to stems of sunflower plants grown from seed treated with either 
chlorantraniliprole or thiamethoxam.  All data were considered (+ censored data).  
Curves bearing different letters were significantly different (log-rank test,  = 0.05). 
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Fig. 2. Median (± 95% confidence intervals) survival times (LT50) for adult 
Chrysoperla carnea exposed to stems of sunflower plants grown from seed 
treated with either chlorantraniliprole or thiamethoxam. 
